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@ Ught generated by one or more chemical reactions in a dis- 
Crete array .a determined, both u to emiaaiona per reaction and 

r«nt* »P«ced-apart diacrete areas each 

c^rrl^a/ea'p^ •"^^^^^ '^'^-^ • 

.cacrsr;:^^'^^^^^ 

a signal generator coupled to the photon receiver, for 
generating a signal repreaeniing the x-y location of each reac- 
'ton. 

oenerttof may bt a photomultiplief. charge- 
coupled devea or vidicon tuba. Tha invention i. penicuiariv 
5u,ted to the determination of reactlona and non^e«:tioni e g 

ti" V con.rn-' • 

muno.,,.; ' "'"P'«'"«""'V •ntisen,. in .n im- 
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This invention relates to an im;. • 
detection system and method. ^'"^ -™nunoassay 

BACKGROUVn pp thE ItlWK'Prr.^ 

Highly sensitive instrumentation <r 
5 techni^es haS been developed to enL, '"""""^^^^^ 
reactions of extremely s„aU VLtit" : 0^"^?"^ " 

radioimnunoassay are used which are sensit.l 
and precise, but require exD^n,,-« ^^"^^^^^e* accurate 
- equipment, other dLadvan f lu^r^""'^^ 

Short hal..li.e of the ridio: ot C a":!'"!'"^ 
Of using and disposing of the radio- l< * 
in such assays. radioactive compounds used 

Another prevalent technique is the . 
enzyme immunoassay which util^Tes en ^mes al^b^r^ 

-antitative -eas^e^o^^tl^n";:^^^^^^^ ^ 
can be detected by a colon, k *ntigen, which 

Involvin, .«to»at.d „s.y,. ' technique. 

A third method that can be used i. . ,„ 
l«uno.„.y, based on the i.h.Ui„, of """"eene. 
-ntihody With nuore,c.„t probe. '„s " 
» a photon-countin, fluorimeter th« ««lose, 
»»y. Disadvantage, of such . ""^ " 

necessity o, Prcc.r.inro::;^ /r^^^:/---. 

system, attempt to u.e la.er be,„.Tr tn. . , 
source to excite the solution 7^/, T 
30 OS-A.3,84533. Aaain th, in 

sa.p1. at a ti«^ ' c„z, on. 

..Instrumentation for Iumine.ce„=. . 
adv.„ta,eou.ly involves a s.lf!e«m„. 
system, in direct contrast to . ' '""^-''l-J 

" " external li,ht sourc:" gl^r «" ^n^ """" 
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Imninometers „, couple, ,„ ^ 
Further efforts t= * '"a*"' beil 

' ""n successful l,,' " ' '""'it.tlve se. I 
■-^ • 3yste„ descrih . ' '"Is enV ' "°J 

production durL, r." tT"" 

^nd.v,:::,"::,rr « ptT"'' ^ 

"•"■ted. P"""" emitted b" * "''"""^e. in 

P«l«en3 i„ sequential order " 
ohe«i„i„^^ ,J "lacloses , 

— -«tu:tir Wet t": 

has heretofo 
l<»l«..cent assays 1 °" P»"lWe to o 

;^ultaneousi, J',".;:;,"^^^- vollV:"V" 
Presently exlstm, t. ! "'^'^ <" tl«e 
" • tl« Often r °'°'^ only on 

or Ur,e vol Ja^^r;!;."" ""^ 

5 *> used herein 

.. »j'air.:ro;'n::---- - 

emission except 
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incandescence and include chemi luminescence , 
bioluminescence, prompt fluorescence, delayed 
fluorescence and phosphorescence and the like. 

Reeset al, j. Phys. Es Sci. Instrum. 14* (1981) 
229-233, describe a miniature imaging photon detector 
with a transparent photocathode. it is proposed for use 
in astronomy and geophysics. 
SUMMARY OF THE INVENTION 

The present invention overcomes the given drawbacks 
and provides an imaging immunoassay detection apparatus 
system and method capable of detecting and quantifying 
multiple light-emitting reactions from small volume 
samples sijnultaneously. 

The present invention i, very advwtaaeou, in.«.„ch 
a. It i. very rapid because it analy.ea all samples 
simultaneously, is extremely aocurat. because it retires 
no mechanical motion ot components, ha, no repo.itioninc 
ZIZ' r '","'"""•1 resolution, can use an internal 
tandard such a. a Xnown s«.ple to obtain comparative 
information, is adaptable with a filter to handle anv 
particular vav.length of light, and is versatile in that 
it can detect assay, requirin, external light as well as 
those that do not r^i„ external light, thus being able 
to operate with immunoassays utilising luminescence and 
fluorescence and the lilte. 

In brief, the present invention comprises an 
system for detecting photons generated by chlcal ' 
reactions comprising sample carrier means having a 
plurality of individual areas each containing Individual 
Chemical reactant sample, capable of emitting photons if 
a reaction taRes place, the plurality of rea«L" 
containing areas being arranged in spaced relationship 
-ith respect to each other, imaging means associated with 
said carrier means tor simultaneously receiving 
individual photons emitted from each area .ampia where a 



0194132 



-5- 



reaction-is taking place- anrf « 

Photon-receiving iJaina ""''^'^^ ^° 

"g imaging means for aen*»ra*.- 

repr.sentin, the x-y location of e.ch ' ' 

9ener«ln, a photon, whereby the rill 
= -PU havin, a faction .Z th n^^t":; «" 
«ni.s.on, over any predetermined period If t 
Simultaneously identified. "^i' ^« 

The invention also comprises a m^.h ^ 
simultaneously detecting r-K . 
" Chemical «^=ti^^' " o;\\':" a pi„raiity 

• Plurality or i„dividu.i ch» ^i''; " ^-"i". 

eapable o£ emitting photon, „hen a rea!t ' 
the aamplea b.in, arranged in spacerre, ":" 
respect to each other and .i i "^a^onshlp with 

" presence and ,-y location o eat":::'^^ 
raactln, sampUs. „hereby the tot.f " 
emitted .rom each reacting sampre ov.'rT' °' 
period Of time may be determined P"^"erMined 

:i-e-:r^— ^^^^ 

T^a»titie, Of sample, are re«irL ""^ ^^11 

-eip:;,::j,::r:yre:r the 
i«,ingX.Vd'.:.ct::^td"i': »^ th. 
...ai, .nVsiZr"::^^:^ 

(Whereby the background noise signal, 
leaving only reaction ,i,„als, , ^ ""celled, 

antibldTuJ^X"::- in "Mch multipi. 

' — — ^ay ^e"^t:r:tT:ttr^t^^^^^^^^ 
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wavelength Interference filter may be „seTw!th ,k " * 
carrier of rl,„e 4 to p.ss only . par lcuil^ u? 
-av.len,th, thereby allowing only ZlotTlV ' 
3 wavelength corresponding to a labeUea L jbod 

to the imaging detector, antibody to pas. 

Figure « is a schematic representation of a • 
in a microprocessor for subtracting background no 
the samp,. .i,„ai. „ output s!g„T 

10 representing substantially only Dure oh^J 

a reactant sample, ,„d ' " •"*»=i<'» 'ro. 

Figure 7 is a diagrammatic representan^- , 
of invisible ultraviolet radiation a. It:::: o'f 
external light. 
15 DETAILED DESCRIPTIOM 

"■•apparatus of the present invention, which will 
be described in further detail below, may bl utlli. ^ 
with any number of different assay technL« 
aarlier. but will be described wjh pLttlar":""" 

20 to the use of luminescent <m™ P^^icular reference 

Aujuinescent innnunoassavs in j ^ 

=f antigen-antibody reactions. More ;.rticu .r W^tT" 
invention can be employed to detect the 1 
reactions of labelled ^noclona^'X lu"*"^^ 
antibodie. with antigen, found in sampler such ■ 
» faeces, blood, miu „a the li" 

Polyclonal antibodies are well-v«« 

detrMrb"^ " ^"-".-^^^ 
:™^r\r:ott:::r - 

30 antigens, the -^-^o^^J^TZ:^-:'^^" 

ci;\r " u^ - r - ^^^^ 

utilised in th/ ^«ther, the particular labels 

utilised in the present invention oust be caoabi. / 
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-noclonal antibody, although™ ""r"'''^''"'"' 
used a, disclosed here.fte/ ! "'^ 
' "-"S 'he co^i„ ^""'>. the te™ 

antibody labelled with . !„-■ ° ""onoclonal 

"»Pound, and anti,^ " " ""orescent 

Luminescence is ^h<» 

»olecule as an elect„n\s~e:L"::\r " "™ " 
"ate from a higher energy state r \ 
=he.il»inescent and bio^L s ^nt eac" 
•ner„ of . chemical reaction provides" : ' 
re<^ired to produce an tntermediat: "actio""'^ 
in en electronically excited state I'll " 
beck to the ground state i. Subsequent decay 

u,ht ''i^^^.,.,.::^^^:^'::::::'-'"^- - 

form Of Chemiluminescence found i„ blol ' 
euch the firefly, i„ ..j,,".' c«.i° 
enzyme, such a, luciferase !„!/ " « 

the luminescent reaction «h.„ !!f" °' 
co^ined With it. substrate uciJ """ '"'^ ^' 

Of ATf (adenosine triphosph«.r '"^ P««nce 

o, light is produced wh!' e 
proportional to th. 7 intensity is 

-.wiiax CO the amount of atp rs^^ 

Th. firefly iuciferase/luciferin/ATP " '^'>^»- 

follows, uoiferin/ATP system is as 

*" §Sf^> * " /h» 

30 otirant ::"b'r "ei^""""' - " 

photon. * frequency associated with the 

z:;rT:z:^-^^ — the i 

presence of atp i„ a test s J=, """"^ '"e 

35 because of th. presence oM ' or' 

' of immunoglobulins labelled with ' 
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a luminescence-detectable enzyme (UJc. . 
luciferaseJ . '^^'^e Peroxidase or 

CheoilOminescent substances su^h 
be utilised in a horseradish " *lso 

5 oxidation, as follows! " catalysed 

^"^i-^ol peroxidase , 

HjO" > products + hv 

Xn the present invention, the -lioh- 
reactions- generate photons which ar ttrTd^t?' 
10 linagxftg device such as an in«oin« «k / "^^^^^ *° ^ 

variety of camera tubes havin« . w ^ ^ * 

in the preferred embtdimeni L i! T""'"^"'^^ • 
i. used. ' photon detector 

15 m particular, the reactions k 

re.ct«t, ,p«l.Uy ,„.„,e. L nZL'.^""' 
saaple carrier in a . individual area, on a 

-c-.i^n,i„ai :r ea^.::,":.^.:: • 

'or instance. In rows and col J, ,or 

diameter nylon tubes containing the 1.k' °V " 
"tibodie., to Which i. added !he soLtl 
b.ln, tested ,or the presence oTanltr " 
involved are seU-contained .nd o a "e Tsl.r' 
25 Thus, an advantage of th« ^ volume. 

-,in. Photon j:o:x::nt r:::": " 

less, light emitted from multiple .Lo" « 

r.action.-, i„ volume, of 3 lesf i"""""' 

than can be used in known apparatus """" 

30 Another carrier suitable for use with . . 

photon detector is a microtiter olaT , 
»»PUS in rows and columns " p.:: " " 
contain a, .any a. „ individual we' s ! T' 
contains different lab.ii.j 

■S -.orbed on the .^LMrthTplt" ""T' 
specimen is added to each well." The prL"::. aM^' 
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^""tity Of. a particular antl 

d«en.i„„.tj, th, nu^e, " " iMivia^al v.lj , 

«ti,e„-a„tibod, reacuon ' the ' 

A third carrier involves fv, 

x».obilised antibodies on a o,„ °' ""9 

^•^eUed .onoclonai antibodZ " °' "I-ents;' 

individual areas on a plurall, ^-"""ised in 

"lament „ay bear . di,5.r"„"!' " '"-""ts. ,ach 

antibody capable of e„ittinrul " -"clonal 

««cause the reactions "'^ ot 

"laBent, generate li,bt, the < "° ^"^^lOual 

^y^t^ can quantitatively dete^i ' 

particular antigens. the presence of 

P''-"=.<., Urtt-e^ittin, , ''■^"ic.Uy/ 

l-a,e Photon detecto'r ""r;": i.a,.d by 

"a Pr„.„ counts the ,nd"''" "^-t, ' j 

i-ajing photon detector. Ph^o^thode of an 

Each of the above - 

°' "actant. can be used "',,? ' P^«aUty 
■Jescribed below. i„ which the 

.5 T"^" '"rur ia identif,., „ 

-«-r;::r":/,- -h 

^^9. 1 is a system * 
of fflultlDl- ^ ' ror quantitative 

-uAcipie biochemical "^ive assay anait^.^,- 

concentrations of substances p' °' ^^^y low 

specimens which in Present i„ n^^^ f , 

liohV course of th-^ samples or 

light Photons under certain condf. '"^^^ion^ emit I 
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Fig. 1 shows a specimen cayyi^^ 

incx.e . pu„u.. z n.. r:. irr:: 

simultaneously u„der,oi„, . „„tio„. c.^h. 

5 two-dimensional array of rows and column, „ 3." , 
rl,. 3 and PI,. 4, for exai,ple only " °^ 

produoe U,ht ,enerat. photons l/vM=h .,e ! 
optical system 14 to for„ the ima<,e of the li k"" *" 
each Of th. sample, on a photoconduet « Ir' 
" in, a portion of an ima,i„, photon deteo o" nZ' u ' 
imaging photon detector 16 will s. dl.,, ^« 
hereinafter hut ia .no™ in tL^ "t^r^d Utet'"" 
convert. Incoming light into guantitative tnfo^Tti 
which can be stored and processed within 
" conventional computing means such as^ 10,1""' °' 

The Imaging detector 16 of th! """P""""' 2<. 
ta.es simultaneo'u. reading ord er."":"!"'''"""" 
•s the solid dar. area, of Pig. 3 raler^f 
the reading, of the entire sample area i„c^" 
" carrier area surrounding the sLpl," SacL ! 
represented by th. .hading line, in ^g 3 '[r" 
non-specific binding antigens or antibldj^ to 
surface of the carrier, which are not ZlU " 
preparation of the carrl.r r 
« the., .ignai. ^enera^Tb^^hlT^JtT' 
becau.. the., conventional detector avet* he "f 
=v« th. entire .ampl. area, they interpret these 
undeaired false .ignal. a positive reaction 
Background noi.e effectively decrease, »k. 
" the aasay at relatively low^e^'r rc :.„"r": it"' 
Where the po.itlve reaction algnal ha. neariy ^e 
intenaity level a. the background noi.e ' ' 

The pre.ent Invention eliminate, the back<,r„..„,, 
noise problem by simultaneously reading ^ .ignaT^ 
" the background .nvironment and the sign'al Llm'tl " 
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uctection system can read sion;*ie ^ 

«.=tion in a two-dimensional array can III v . 
averaged, and compared with th. signalreor 
background noise caused tKe non! spec L 
computer 24 can analyse and displ.v th. n. 
" -tracting from t.. signals r::::re„' Lg":," 'J,:^ , 
areas o, reactions the signals representing the 
baclcgroand noise, as shown in rig s th- \ 
pure reaction signals. ^"""S | 

Further, since the present av«t.« _ 
" evaluate a carrier, such as a «-we"rmi T""'""''' 
Without repositioning the carrier or tray" 
using se,uential detection, resolution errors th«""' 
from imprecise mechanical repositioning of the ^1^""' 
between measurements as required In ■ '""Pl" 

'■0 eliminated. ^q-ired in the prior art are 



Since the present imaging immunoassav . 
system c«, look at more than one drscret, " 
ti«, contrasting reactions can be an^^^ne".!" " ' 
o^e another. By way of illustration, il " 
two-dimensional array of samples as 1„ . ■ 

•tde-by-sid. Simultaneously. The amount of oho. 
generated by each reaction can be ^TLl T 

between . ific ...p^T\t,~;r:r":::t ■ 

control for purposes of co»n • "^'^^ " * 

35 reaction in a discrete areTs ":: '''' " "^'"''^^ 

rete area B. The negative reaction in 
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cauLr. ''''' ^'"^"^^ ^P--- «i^"-ls 

caused by non-specific binding, as pointed out earlier 
Thas bacJcgrcfund noise level is potentially constant 
across a given carrier such as a microtiter tray and 
= useful in setting up a base level of signal gener io^ 
fro„ Which .ore positive reaction can be compared 

Thus, the present imaging system is capable of racid 
quantitative analysis of samples. Because of IV 
ability to simultaneously read and analyse lerour^'^^ 
samples, the time necessary to produce results is 
dramatically reduced. 

Furth.tmore, the s.n.itivity of th. pr.s.« l».ol„, 
yste. .news for very accurate ,easure«ents even « veL 
low eoBcentralion. of the sa.pl.s. For instance an 
iM,in9 photon detector is capable of aeasurln, ' 
individual photon, of light. By „si„, amplifiers, th. 
system is able to register very low concentration, of 
Mterials and is therefore useful in areas such as 
dia,no.in, for the pre.ence of infectious organisms, as 
well as drug monitoring and disease detection 

Because of its sensitivity, the imaging system can 
not only detect minute quantities of a reaction samples 
but can auo read a very small are. of reaction. Thus 
the amount of reagent and the are. which are needed to 
conduct th. .s..y are less then before, thereby 
minimising th. co.t of reagents and carrier materials 

The output of the imaging photon detector U on iin. 
18 comprise, analog signals which represents the x!y 
spatial correspondence of each detected photon, thus 
identifying electrically the x-y address of th. sample or 
specimen that producd th. light. These analog signal, 
are coupled to an analog-to-digital ,A/D, convlter 0 
which produce, digital output signal, on U„.. 
"presenting th. spatial oriantation of the specimen 
source producing th. photon received by th. imaging 
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photon detector U and th 

stores ,„a • ""roprocessor 2, 

' Pro,ra™«d to display information a„d ca„ 

»«tio„s co„tin« t! r„ ra : Zt^^' Z 
^"xred predetermined period o/.L. 

10 second, or 1 .s iitn. as 

"ch reacting sample is accumulated " ^""""^ 

" -""processor u. Thus °' 
s^^nal, on li,. u to vi eo di^'r""" 
visual dispia, and analysis o th. l » ^o. 

accumulated, from samples ,0 and 

"lative amount of ii<,ht or n^L "^"'"tes the 

generated by each sample s„cT k ^-^"5 
P"-uced, for a perman.n; record' h ^'"^ ""^ ^' 
"so, a two-dimensional " """" 

" samples a. they ar. physical T'' °' '"^ ""^ 

can h. produced \\?i r"r '^^^^ 
generated by each sampi. b.f„ « 'Oe li,ht 

by numerals, thus ide'ntiti'nrl*^"'^ colour 
seneratin, the greatest J„ . * '""P'" is 

■ Microprocessor L caTper" ! '^e 
sa-PXes a. desired to corr°T "J °" 
" '«»P«ns.t. for any inherent" is""'"'* 
" subtractin, the badcround n f " 
"«i.r. Hoi„ noise, a, „pi.,„^ 

i-a^ln. Photon detector u with 

«U *now„ „n„.r such as brcir' r"""' " "y 

or a refrigerant about the L.«„" l""' ' ' 
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.n.lo5-to-<li5ltaX converter 20 to ! I •» 
by the .icroproc.s.or jV '"^ 

= --Lt^^roTr^re^t^teT" 

".ocieted therewith. " ! °' "«?y 

«ntau, n„es of .inllZl Mu" ""^ 
^■T-ar, centimeter end per second n°°' °' P« 
Photon detector 15, each In!" "^"^^"^ 
' prohahiUty of d.t ction b" tT, ' T"" ^ 
The photoconductive t.r,et 3 c:"""'* 
" «J«lv.ie„t to a Photographic fi J « 
sensitivity of th. order o/:oo ti«s ' 
photon strike, the li,ht sensl.- ' 
Photoexectron i. rel.a.eVr P''«««hod. 3j, . 

i«ed,.te:y acceieratedlto"" « «d i. 

Plate intensifier. or .i.pHfi.„"34" V "'"'^'-'"■•1 
intensification created by „icr„ I ' 
-in in the ran,e of 3,io« t 3" o?"::' " 

"« " each MicroChannel oil T" 
incident photoelectron and thu^! " ""='' 

initially detected photon The TT'^"^' '° 
-icrochannel plates 34 !s' ""*ln«ion of the 

-unts Of li^t to be detct'::"" "'""'^^ 
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« " ^"I'ably processed to . "''"rodes 

"presentation o( t« x-v ! "''"^^ 
P-toeUctron .Js ll lZlVl 

Olnt.I converter 20 and " ""09-to- 

IS J,' ' ^-^'^ <" aa of tne ' ' P«"odetector 

diBen.ton, I, created by <" " i- two 

°"to t„e pnotocatnod, 3^/" ^o=used 
P"«nt system detects a nd ' t„e 

0 ex^re» r """""" e.ltt.Vu '""'''Ute'y 

extremely small amounts of , ""^ ^^'"t, detects 

=ln,le pnoton, and quantlf,', " '° '"^ i"=ludin, a 

'Peclnc x-y s^,.'„ .p'ecten'r^dr'""™"*'" "« 
Instead of an ima / address. 

-cunts Of a,nt from individual 

individual Pixels witnin ^^ T^ l-ident on 

Tnu. -"P^tloti to tn "^"i' to 

' 1-formatlon cr ,< 

10 is available in .„.i„ "ray 

«»y ".ic, inJoi^icTrrr - 

tften snifted out 
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of tne CCD and converted to digital fo™ in a well known 
manner by tn* analog-to-digital converter 20 and is 
tnen coupled to a memory in computer 24 wnere tne various 
measurement levels and comparisons can be made by 
5 appropriate manipulation of tne digital information See 
-imaging'. Tne Optical Industry and System Purcnasing 
Directory, 1983, pp. E-72 to E-74. 

AS is well known in tne prior art, tne individual 
pixels witnin a CCD array are closely spaced and arranged 
10 norizontally in rows and vertically in columns so tnat a 
given CCD imaging device 16 provides a fixed number o* 
pixels of information. For instance, some CCD's nave'320 
vertical coluinns of pixels and 512 norizontal rows of 
pixels. 

15 CCD's nave several cnaracteristics wnicn make tnem 

advantageous in tne present invention as an imaging 
device. CCD's are small and rugged and nave closely 
spaced pixels and are therefore useful wnere, as nere 
precise measurements are required. Tney also receive'an 

20 image by tne direct reception of lignt energy witnout 

being scanned, and store tne received data until tne data 

data . r ^'^"'^ tne 

data received from tne CCD can be processed by simple 

comparison or detection techniques , tnereby avoiding 
25 complex and major time-consuming sampling tecnniques 
ordinarily used to process sucn data. 

Anotner imaging device wnicn can be used instead of 
an imaging pnoton detector or a CCD is a vidicon tube 
Tne name vidicon i,. generally applied to any of a variety 
30 of tubes naving a pnotoconductive target. Tne vidicon 
operates in a well known manner and utilises an electron 
beam to scan a Ugnt-sensitive pnotoconductive target a 
transparent conductive layer applied to tne front side of 
tne pnotoconductor serves as tne signal or target 
35 electrode. Tne target electrode is operated at a 
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positive voltage wi.n 

^« tne illuminated area« ! conductivity in,, 

cnarges t« « ^ne back ^"creases 

rges to more positive value, ^ ^ne targo. 

°«vices, 19, pp 3.3, ""^<=^«"^ RCA Solid State 

■ Tnus, as used in Pig i , . 
^5 Pftotons or -i/ a vidicon is . 

Banner es to, tne ■ " Processed i„ f„ 

" ^» -ISO ^"-'o- 

present invention. Different " of tne 

« antibody .ab.M I ««r.te 

«d„ora:ra"rr::.:: t-- « 

generates a different ' ^^"ce eacn in^- 

can be seen in Pig. c ^ ^ ^ imaging device is , f 

" o' tne de,.„d'-ne„c\e::::""" "iter 
-Plea :o end optic. i/:::r:;'" b.t»..„ ■ 

tnat only p„„to„, ^ ■ 
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ZTnT-T''"''^ "rrespcndln, to an antibody 
-abelUd wit* a particular indicator pass th.. ! 
i-,in, datector U. x„ tM. .anne / o a^ 
.^u„oa.say detection syste. can be .ade wave ' 
5 "lective. thereby per»ittin, greater fl.xibi Uy a„d 
sensitivity. -^-Lity and 

It will be understood, of course, that if a 
fluorescing material, such as fluorescein- i. 
Ube: inviubi. .itravioiet ii,.t or bu;; u t 
> have to be used. Pi,. , illustrates such appa!atus 
"herein an ultraviolet U,ht source 54 1. powered b^ an 
appropriate power source 5.. ultraviolet li^h" ray^ si 
-Pin,, on samples in carrier 10 which «uor.sce if a 
reaction ta.es place. The remainder of the ! rcuit 
operates as described above in connection with ri^ 1 
AS shown in Fig. 6, the si,nals detected hv 

"-^ ^--.-und noise and sX r""' 

signal. coBbined, are stored in a memory 42 of 
microprocessor Z4. The detected signals r.pr.sentina 
background noise alone are stored in , „ P-^««nting 
microprocessor 16. By coupling. " 

on U„.. 46 and 48 to .nrl.K! " 

■ ^° arithraetic unit 50 m^a 

subtracting on. fro. the other an output sll." i 
Obtained on . Xi„. 5,, represents .:^ta„t ally 

only pore photon emission from any selact.^ ^ 
sanple Thu. k..v ^ selected reactant 

e^, . ? background noise i. substantially 
eliminated or minimised. 

The system of the present invention can be used , 
conjunction with labelled dna or rka orohr! . 

""^-^ «.»"«tic tool. Z'lZVT^ 

probe, ar. specific seguences of ami„o!acid. thaf 

complementary to particular .e,uences of a f 

of OHA or UN*. These Droh. , * Piece 

labelled with an indica'tor 30 .""o^: " 

analogous to an i^unoassay:'.:: r^nrctt'ai'r:; a 
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"rrler lo such „ ,ho„„ i„ p^, , ^ 

la first re»ov,d tro» , «U « ,k " 
=«»Ple contSinin, s on* or rna s ° in a 

ia bound to a surface such T.\lVr T '"^ °' 

^e-ature. so that Us co^pir^a^ar:""!"' ^» '"en 
separated. The dha or ml . ! 

'■>«""r, is then .died L^T^a^pt"" " 
specific co„pi.„,„,^ III "M. if 

-the s«^ie, the sample and p^etir^'^s'' 
unbound label is washed away .L th. 

bo-nd labelled probe is real " th """finj 
berelnabov. with reference to ri, l"""" '""'""'^ 

isotope-labelled assays are • 
the present Invention. In such an ,3^:""" « 
component is labelled with an is!. ^' l"«oator 
Pbosphoru.-32 or iodin.-us JT^'' " 

the performance of a r.dl„ ^""^ radiation 

labelled component, typicau; a" ^"tope: 
the analyte of intere« th, " bound to 

the reaction .one 'and th^ """^^ -7 

«.din. Of the central reac ' „ ™« 
this e,^odi„ent by the incorporati": o^ """P"'"" 1« 
«r.en. Phosphor screens .rHeu k ' """""^ 
ere used to convert electron . ~" 
-es. screen, .r. c^poseTo/rttnT" 
^n'.tals, Phosphors, which emit nll T' " ^•^''"c.nt 
electron,. i„ ^^e present case th . '^"'"^ by 
receive, gaaaa radl.,.„ - ' "* Phosphor 

screen 

1" turn, enit, photons which .re 
detection sy.t... Thu,. in T"''" 
the phcphor screen which received " 
"••ction and e.it, u,ht 12 1, k , 

end processed in the .ann.- ' optics 14 

tbls manner, ,a«a particles aTe '* ""^-I'-iy. In 
detectable photons which ar. r. 

are received and processed a. 
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described hereinabove. Other types of ga^a-to-photon 
conversion. means are also usable and within the scope of 

the present invention. 

AS an illustration of the sensitivity of the IPD 
array detector system, the well established firefly 
luciferase/luciferin-based assay for ATP provides a 
useful reference. Thus, using the standard 'l.umaC 
firefly luciferase/luciferin reagents for the 
bioluminescent ATP assay in the Lumac Biocounter 
luminometer, the lower limit for the assay (carried out 
as recommended by the manufacturer! is set by the 
-background- count of photons (of about 10/second) 
typically experienced. This sets the lower limit of the 
determination at about SxlQ-^S ^^^^^ 

contrast, using the IPD system described above, the 'lower 
limit of the determination, using similar criteria is 
set at about SxlO"^^ moles ATP. 

The invention will be further illustrated in 
conjunction with the following Example, which is set 
forth for purposes of illustration only and not by way of 
limitation. ^ ^ °^ 

Example 

Monoclonal antibodies are prepared according to the 
method of Kohler and Milstein noted above i„ 
particular, an antibody to Shigella is prepared by the 
procedure described i„ WO-A-SS/OOOas and labelled with 
luminescent compounds such as the firefly 
luciferase/luciferm/ATP system. These luminescent 
labelled antibodies are then adsorbed onto the surface of 
a microtiter tray. Additionally, each well of the tray 
may contain labelled monoclonal antibodies to different 
antigens, thus allowing diagnosis for the presence of a 
wxde variety of different antigens at the same time. 
This microtiter tray thus contains a number of known 
antibodies at known x-y addresses or areas on the tray 
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The tray is then w„hed with th. . . 

»-<no™ „ti,«,s, and an anti,e„-r::,C 

occur.. Kext, the tray is ri„! . """""i^ ««ction 

«e r.„ovei. xhen. the ^ay : """"""^ 

carrier holder of the i„a,. "J^^"^^ " 'he specimen 

^«cri^. .hove. The IZZ'TT 

"ti,e„,s, in the speciln "re .Mr"" '"^ 

jenerated by th. characteristic antT ' 

reactions and their x-v 1.11 "''""""'tibody 

y location on the .tcrotiter tray 
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CLAIV.S 

1. A system for detecting Rhotons generated by a 
chemical reaction, which comprises: 

a sample carrier having spaced-apart discrete areas 
each containing a reactant capable of emitting photons if 
a reaction takes place; 

a photon receiver, for receiving photons emitted 
from each reaction simultaneously; and 

a signal generator coupled to the photon receiver, 
for generating a signal representing the x-y location of 
each reaction; 

whereby each reaction and the number of its photon 
emissions during a predetermined period of time may be 
simultaneously identified. 

15 2. A system according to claim 1, wherein the signal 
generator is a photomultiplier tube having a 
photoconductive target, a charge-coupled device or a 
vidicon tube, for producing x-y location output signals 
representing the light intensity or number of photons 

20 emitted by each reaction. 

3. A system according to claim 1 or claim 2, which 
further comprises: 

a computer coupled to the signal generator, for 
receiving and storing each of the signals, whereby the 
x-y location and number of photons generated by each 
reaction during the predetermined period of time can be 
accessed; and 

display means coupled to the computer, for 
presenting a representation of each reaction area and the 
30 number of its photon emissions. 

4. - A system according to any preceding claim, which 
comprises means for subtracting background noise signals 
from signals representing reactions, whereby the 
resulting signal represents substantially only photon 

35 emissions from the reactions. 
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5- A system according to .n^ . 

comparing . potential reaction 'or 
' oo»tro:. Which further " 

-ean. for comparin, the . = 
' ««erent reactions. '""> 
^« A system according to an« ^ 
toe .ignai generator generates ana^L ' 
system further comprises • 

°' signals, and the 

an analog-to-dioitai , 

" venerator, for conver'ting he :„"" ''"^''^ - »i.na: 
"isnals, and """^ signals to digital 

a microprocessor coupled to fh 
converter, which Includes stora! "•^''-'o-dlgital 
Plurality of locations ther. """" ""'"^ ' 

" arrangement or array of are" "o"':"^"''"' " 
storing the digital signals '""ions, for 

- .ich 

anO the system further comprises 

-om t:e°:::::ir- tTt;::;? — — 

generate x-y location output si" .r to 
"9ht intensity or number of „hT "^"""'i-S the 
reaction. ' '"'°t°"» ^-Itted by each 

" »• A ,y.t«. according to clai. 7 

comprl..,, ""loh further 

po.iti\:eTL":e::\t7" ^^^^^^ 

system, such that only reaction'r^'r' """^ 

=or -^^v^:' 
t^. -rem ^ 

t.o-dimen.ion.i array of rows , T " « ' ' 

* "cording j::yt::,iz\ ■ 
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reaction, emits U,ht ot . -avel.ngth dif--r,„, . 
emitted from other reactions. "-er.nt from that 

n. A system accordln, to ar.y preceding claim „h ■ 
each reactan. is a labelled monoclonal antib^' 
5 «n antigen, and the label emits licht „ " " 

the antibody and the antigen! """"" 
I?. A system according to any of claims 1 to 10 whe. ■ 

each reactant is a labelled ONA or rna probe sp^il " 

its complementary sequence i„ dna or rnI """^'^ 
10 and the label emits light on react on":;^":^!":''!- 

•nd a sample containing the complementary se^uele'"'^ 

13. A system according to any of ■, 

reactant is an -"Pe-irbrUeTa: i odt'lnHr 
rays are emitted on reaction between th. I i ' * 

- anti i, f rhetco': : sir - 

14. A method of detecting chemical reactions which 
comprises detecting photons emitted, on reaction f 
20 spaced-.part discrete are,, each =on^, ^"'="°°' "^«" 
capable of emitting photons "t ITrZlll IT'"' 

Place, and simultaneously determining t"e"° I . 

each photon emitted location of 

reacting ...pi. durin'gte'::::/!':" °' 
comprise".".'!.?::":: " " " ""^ch 

-nned for si a^^^d^T:o~^^^ 
" A method Of detecting chLic. Reaction's b' " 

system according to any of claim, i to ^ "hlh ' 
comprise, introducing an analyte on to th^ d^ 

" - -er te.t tore^int.": er"::'::: rcota""" 

component which reacts with the reactant' " 
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